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OpinionAnimal diseases gain political attention by their inclusion
on lists of global bodies such as those of the World
Organisation for Animal Health (OIE). Inclusion requires
national governments to report outbreaks promptly but
may lead to trading restrictions between nations in an
attempt to limit spread. Detection therefore has conse-
quences that may have direct impact from farm to state
levels. We consider here current approaches to discrimi-
nating listed parasites from related but unlisted counter-
parts. We outline necessary drivers for the discrimination
of important taxa and how these may be influenced by
national policies. Further, we propose a set of ‘best prac-
tice’ measures, broadly based upon current taxonomic
philosophies for protists and metazoans, that should be
applied when defining taxa for listing as notifiable.
Parasites on lists
The OIE (http://www.oie.int/) maintains a dynamic list of
notifiable diseases of terrestrial and aquatic animals. The list
corresponds to the major domesticated terrestrial animal
groups, and includes diseases caused by bovine, ovine, por-
cine, equine, swine, avian, lagenmorph, and aparine patho-
gens as well as by those of commercially important aquatic
hosts including amphibian, piscine, molluscan, and crusta-
cean taxa [1]. Detection of any of these diseases in farmed or
wild animals by any of the 178 OIE member countries (http://
www.oie.int/index.php?L=3&id=103) should be communicat-
ed to the OIE via the official state veterinary services of that
country. Thereafter, a formalised sequence of events may
culminate in trading restrictions of live animals and com-
modity products from infected to non-infected farms, zones, or
even whole countries. In addition, member countries are
expected to document the official controls used during the
disease outbreak. The major aim of the process is to limit the
spread and subsequent impact of important pathogens for
which treatment strategies are either not available or are not
feasible. The list includes viral, bacterial, fungal, protistan,
and metazoan pathogens, all of which are afforded specific
chapters in the regularly updated OIE Manual of Diagnostic
Tests, the designation of experts who provide a global1471-4922/
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274 Trends in Parasitology, June 2014, Vol. 30, No. 6reference point for the disease and maintain appropriate test
materials for its diagnosis. Currently, there are 116 diseases
listed by the OIE [1]. Of these, 30 are caused by eukaryotic
(fungal, oomycete, protistan, and metazoan) parasites
(Table 1). The principles that underlie the diagnosis and
phylogeny of these parasite taxa, and the implications for
their detection, form the focus of this opinion article.
Identifying the culprits
Accurate definition of taxa is not simply aimed at expand-
ing our appreciation of organism diversity. Rather, it is
fundamentally applied both to ecological research and, in
particular, to the production of inventories of biodiversity,
behind which political force may be applied for the conser-
vation of specific taxa over time and space. In this article
we propose an additional significant role for taxonomy in
underpinning the legislative frameworks that are neces-
sary to limit the spread of animal and plant disease-
causing agents via international trade. Enforcement of
policy, be it for the purposes of protecting biodiversity or
in a disease control setting, therefore has a fundamental
need for specific and robust discrimination of the target
organism. In this context, and in reference to those para-
sites listed by the OIE (Table 1), definition of the ‘species’
provides the most commonly accepted means by which this
is likely to be applied.
However, despite major advances in diagnostic method-
ologies over the past two centuries, a consensus definition
of ‘species’ remains a notoriously difficult concept [2].
Nowhere is this more apparent than in the hyper-diverse
protists where so-called ‘alpha taxonomy’ at the level of
‘species’ is ‘fraught with uncertainty and disagreement’ [3].
Increasing recognition of convergent traits across the spec-
trum of known protists, and of other parasite groups (e.g.,
the Microsporidia), underlies a growing disparity between
taxonomic systems built solely on morphological traits and
those where molecular marker data are utilised [3,4].
Recent philosophical reviews by taxonomists working on
organism groups from across the ‘web of life’ conclude that,
because consistent definition of the species is elusive, a
case-by-case approach should be applied; those defining
new taxa do so first by outlining the basis for their defini-
tion and subsequently by providing details of the methods
used for the delineation, for instance, of morphology or a
marker gene [3]. However, this apparently workable solu-
tion, in which the ‘species’ is ultimately defined according
Table 1. OIE listed parasite taxa and parasitic diseases in terrestrial and aquatic animal hostsa
Host group Disease or infecting
organism as listed
Agent(s) Taxonomic affinity Group-level taxonomy Group-level
taxonomic
references
Multi-terrestrial
species
Echinococcosis Echincoccus spp. Cestoda Whole SSU and D1-D3 region of
LSU
[21,22]
Multi-terrestrial
species
Trichinellosis Trichinella spp. Nematoda SSU [23,24]
Multi-terrestrial
species
Leishmaniosis Leishmania spp. Kinetoplastida SSU, Concatenated sequence
phylogeny
[17,25]
Multi-terrestrial
species
Trypanosomosis Trypanosoma evansi Kinetoplastida SSU, Concatenated sequence
phylogeny
[17,25,26]
Bees Acaripisosis Acarapis woodi Acari: Tarsonemidae SSU, COI [27,28]
Bees Nosemosis Nosema apis, N. ceranae Microsporidia SSU [29,30]
Bees Small Hive
Beetle Infestation
Aethina turrida Coleoptera None reported [1]
Bees Tropilaelaps
infestation
Tropilaelaps spp. Acari: Laelapidae SSU, COI [27,28,31]
Bees Varroosis Varroa destructor Acari: Varroidiae SSU, COI [1,27,28]
Bovine Babesiosis Babesia bovis and other spp. Apicomplexa Concatenated sequence phylogeny [18,32]
Bovine Cysticercosis Taenia spp. Cestoda ITS2, Whole SSU and D1–D3 region
of LSU
[22,33,34]
Bovine Dermatophilosis Amblyomma variegatum Acari: Ixodida SSU, COI [1,27,28]
Bovine Theileriosis Theileria spp. Apicomplexa SSU and other rRNA genes;
Concatenated sequence phylogeny
[18,35,36]
Bovine Trichomonosis Tritrichomonas foetus Trichomonida SSU, ITS, 5.8S [37–40]
Bovine Trypanosomosis Trypanosoma spp. Kinetoplastida SSU, ITS1, RFLP; Concatenated
sequence phylogeny
[17,25,41]
Equine Dourine Trypanosoma equiperdum Kinetoplastida ‘maxi-circles’; VSG RoTod 1.2;
Concatenated sequence phylogeny
[17,25,42]
Equine Equine Piroplasmosis Theileria equi, Babesia
caballi
Apicomplexa SSU; Concatenated sequence
phylogeny
[18,43]
Equine Mange Various Acarid mites Acari: Astigmata and
Acari: Prostigmata
SSU, COI [27,28,44]
Equine Cryptosporidiosis 18 spp. and 40 genotypes
of Cryptosporidium
Apicomplexa COWP, CTRAP1/2, HSP70, Actin;
Concatenated sequence phylogeny
[18,45,46]
Equine Toxoplasmosis Toxoplasma gondii Apicomplexa B1 repetitive sequence, P30(SAG1)
gene, SSU; Concatenated
sequence phylogeny
[18,47,48]
Amphibia Batrachochytrium
dendrobatidis
Batrachochytrium
dendrobatidis
Chytridiomycota SSU, 5.8S, IGS, ITS1, and ITS2 [49,50]
Crustacea Crayfish plague Aphanomyces astaci Oomycetida SSU, LSU, ITS, COI; RAPD PCR [51,52]
Osteichthys Epizootic Ulcerative
Syndrome
Aphanomyces invadens Oomycetida SSU, LSU, ITS, COI [52,53]
Osteichthys Gyrodactylus salaris Gyrodactylus salaris Platyhelminthes COI, ITS; Concatenated sequence
phylogeny
[16,54–56]
Mollusca Bonamia exitiosa Bonamia exitiosa Haplosporidia SSU (+RFLP) [8,57]
Mollusca Bonamia ostraea Bonamia ostraea Haplosporidia SSU (+RFLP) [8,58,59]
Mollusca Marteilia refringens Marteilia refringens Paramyxida SSU, ITS1, IGS [60,61]
Mollusca Perkinsus marinus Perkinsus marinus Perkinsida SSU, ITS (+RFLP); nuclear-encoded
spliced leader (SL) RNA; mt genes,
intron prevalence; Concatenated
sequence phylogeny
[19,62,63]
Mollusca Perkinsus olseni Perkinsus olseni Perkinsida SSU, ITS (+RFLP); nuclear-encoded
spliced leader (SL) RNA; mt genes,
intron prevalence; Concatenated
sequence phylogeny
[19,62,63]
Mollusca Mikrocytos mackini Mikrocytos mackini Mikrocytida SSU, ITS1, 5.8S, ITS2;
Concatenated sequence phylogeny
[20,64–66]
aWorld Organisation for Animal Health, 2012.
Abbreviations: World Organisation for Animal Health (OIE); small subunit rRNA (SSU); large subunit rRNA (LSU); cytochrome oxidase (COI); internal transcribed spacer
(ITS) regions 1 (ITS1) and 2 (ITS2); 5.8S region of rRNA (5.8S); intergenic spacer region of rRNA (IGS); restriction fragment length polymorphism (RFLP); variant surface
glycoprotein (VSG); Cryptosporidium oocyst wall protein (COWP); thrombospondin-related adhesive protein (CTRAP 1/2); heat shock protein (HSP70); surface antigen 1
(SAG1).
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Box 1. Policy and the parasite: the case of Gyrodactylus salaris
Gyrodactylus salaris is a highly pathogenic monogenean parasite of
Atlantic salmon (Salmo salar) (Figure I). It is listed by the OIE and in
other regional legislation. Discrimination of G. salaris from non-
pathogenic co-generics (G. thymalli, G. teuchis, and G. bohemicus)
living on salmonid fishes has traditionally been based on the
morphology of the ‘marginal hooks’ responsible for attachment to
the host [67]. However, these hard parts display morphological
plasticity depending on the age and species of host fish [68,69] and on
the location of host attachment [70–72]. Consequently, taxonomy
based on morphology alone demands considerable experience and is
prone to error. Molecular tools developed to assist with species
identification have inadvertently complicated matters because small
subunit rRNA and internal transcribed spacer (ITS) sequence data are
identical for the listed and pathogenic G. salaris as well as for its sister
species G. thymalli which infects grayling. From the wealth of
sequence data now available, it appears that strains of G. salaris
can in fact survive and reproduce on several salmonid hosts including
rainbow trout (Oncorhynchus mykiss), Arctic charr (Salvelinus
alpinus), North American brook trout (Salvelinus fontinalis), North
American lake trout (Salvelinus namaycush), brown trout (Salmo
trutta), and grayling (Thymallus thymallus); all cases infection results
in no significant pathological outcome. For the purposes of risk
management it is argued that salmon-adapted G. salaris strain (G.
salaris sensu stricto) should be listed separately from all other strains,
thereby allowing protection against trade-related movements of
salmon-adapted strains to countries where other potentially non-
pathogenic strains are known to exist. In the spirit of the current
opinion article, to implement such control measures requires robust
discrimination between taxa (and subtypes thereof) that cause
disease and their less-pathogenic relatives. Analysis of other
(protein-coding) gene sequences (cytochrome oxidase subunit I,
COI) has revealed considerably higher levels of diversity than
depicted using rRNA genes and spacers or other ribosomal gene
markers, allowing some discrimination between G. salaris and G.
thymalli. With a few exceptions, the clades of G. salaris and G.
thymalli generally correspond well to host preferences and/or the
geographical distribution of the parasites. However, within G. salaris,
COI barcodes do not correlate strictly with the virulence of strains for
salmon and, as a result, the current phylogenetic approaches are not
sufficiently robust to support the listing of individual clades of G.
salaris [73].
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Figure I. Gyrodactylus salaris infection of Atlantic salmon (Salmo salar).
Attachment of the parasite to the skin and gills can lead to serious pathology.
Control programmes for the eradication of the parasite from national waterways
include the use of system-wide biocides and associated native fish breeding
programmes for restocking. The considerable financial and ecological
implications for control have led to a political focus on G. salaris and its
congenerics. We propose that current phylogenetic frameworks for the
gyrodactylids fall short of allowing efficient protection against its inadvertent
trading in farmed salmonid hosts.
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ing towards a consensus for each organismal group, creates
considerable intellectual and political space to challenge
the proposed taxonomy. Although taxonomic decisions will
never be beyond scientific debate, this process can clearly
pose problems when these same taxa (species) are written
into legislative frameworks, and whereby their detection
leads to consequences for the trading of their hosts. For this
reason, and owing to the significant political issues that
arise from detection (Box 1), it appears appropriate that a
defined set of best practice measures should be applied
consistently to the taxonomic classification and diagnosis
of those pathogens afforded promotion to such lists.
Are approaches to listing consistent?
The political basis for the listing and de-listing of a partic-
ular disease by the OIE is well established. A proposal for
listing by one or more member countries leads to a vote for
agreement (or not) for inclusion by the remaining members
[5]. The broad criteria for listing are also well established,
focussing on the potential consequences of introduction for
wild or farmed animals or humans, the likelihood of
spread, and the availability of robust diagnostic methods
for detection [5]. The latter criterion becomes the focus in
the aforementioned Manual of Diagnostic Tests [1]. A case
definition should also be produced in which it is stipulated
how the disease/agent is clearly identified and is distin-
guished from other agents/pathologies. Although the em-276phasis on listing and subsequent user focus are on
application of a validated diagnostic test, less emphasis
is placed upon the wider phylogenetic framework in which
this test may operate and, similarly, upon the accepted
robustness of the taxonomy of the group in which the listed
parasite resides. Let us focus on this issue.
One inconsistency highlighted in Table 1 relates to
resolution. Some listed diseases, such as Perkinsus mar-
inus infection of molluscs, are associated with infection by
a single parasite species. Others, for instance, cryptospo-
ridiosis in horses, are associated with infection by geneti-
cally distinct organisms (multiple species) within the
genus Cryptosporidium. Other examples abound, such as
the splitting of parasite lineages that cause very similar
diseases in the same hosts (e.g., Bonamia exitiosa and
Bonamia ostreae are listed as separate disease-causing
agents in molluscs) that conflicts with the joint grouping
of multiple species of the genus Theileria that cause a
single listed disease, theileriosis, in cattle.
Some of these inconsistencies relate again to problems
in defining ‘cut-off’ points for one species from another,
with the added consideration of whether the species of
interest causes disease, or not, in a given host group. The
inconsistency has clear parallels in the wider field of
taxonomy where, owing to difficulties in defining ‘species’,
particularly in microscopic organisms, some authors have
proposed grouping them into operational taxonomic units
(OTUs), usually based upon sequence similarity [6,7].
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generating evidence for the existence of novel diversity in
specific organism groups, for example, several novel clades/
OTUs for the Haplosporidia have been detected from line-
age-specific environmental sampling of small ribosomal
subunit (SSU) sequence variants [8], it seems less appro-
priate for defining specific parasites of concern to global
animal health. In this respect a general movement away
from the listing of diseases as being caused by multiple
parasite ‘species’, such as nosemosis in bees caused by N.
apis and N. ceranae, to specific listing of diseases caused by
single parasite ‘species’, for example, Mikrocytos mackini
in molluscs, or even subtypes thereof, is the future prefer-
ence. Although the association of a given disease with a
specific parasite taxon would remove inconsistencies in the
list, it does necessitate improved rigour in the definition of
those parasites to be listed and, importantly, of the phylo-
genetic framework in which they exist. In this way why one
species (or genotype) is listed, whereas a sister species (or
another genotype) is not, will need to be justified. Presum-
ably this will be on the basis of disease-causing capacity in
important internationally traded hosts, and the rigour in
which the diagnostic test can be shown to be appropriate in
discriminating the agent from related non-listed – and non
disease-causing – taxa.
The importance of being able to specify and diagnose
particular taxa is highlighted by our increasing awareness
of the vast genetic diversity of microorganisms that are yet
to be described and characterised. Specimen/culture-inde-
pendent environmental sequencing studies are revealing
high levels of ‘hidden’ diversity of microbial taxa, particu-
larly microscopic eukaryotes, bacteria, and viruses [8–11].
These studies demonstrate that known parasitic lineages
may have many, often close, relatives about which we have
very little information, even regarding whether they are
parasitic or free-living. This information is essential for
circumscribing the genetic signatures of parasites of con-
cern, whether or not their nearest known relatives are
parasitic and whether their parasitic nature is similar to or
different from their characterised relatives, if accurate
identification and monitoring are to be achieved. Because
this cryptic diversity will take years to reveal, and may
increase the lineage richness of many groups by an order of
magnitude or more, careful and conservative molecular
definition of listed parasites is required now as proof
against future discoveries.
Where policy meets phylogenetics
Far from being a criticism of the considerable international
efforts that have so far been applied to highlight globally
important parasite groups, and their negative effects on
farmed and wild hosts, it is timely to consider how emerging
tools in the ever-evolving field of taxonomy can be utilised to
the benefit of global bio- and food-security. Building upon
the concept of defining new taxa by first outlining the driver
for the definition [3], we propose that ‘biology’ rather than
‘politic’ must drive the need (Figure 1). In the context of this
paper, the biological driver is the propensity of the parasite
to cause disease in hosts of concern relative to closely relat-
ed, and potentially non-disease-causing, taxa. A recent vi-
rological example is the change in listing by the OIE ofinfectious salmon anaemia (ISA). The pathogenic (‘deleted’)
strain is listed separately from the ancestral non-pathogenic
form (designated ‘highly polymorphic region 0’, HPR0).
However, HPR0 remains listed for reasons of risk manage-
ment, and evidence suggests that the deleted strain may
arise from HPR0 [12]. In these instances research should
focus on the provision of an appropriate resolution of test
data to allow discrimination of the disease-causing taxon of
concern from related forms. The ‘biological driver’ concept
contrasts with that of the ‘policy driver’ in which research
focuses on provision of supporting evidence, often at ever-
increasing molecular resolution, to support a claim for
absence (freedom) of a particular parasite of concern from
a geographical boundary or host group therein (Figure 1).
Indeed, the OIE makes it very clear that the presence of the
listed parasite is reportable irrespective of the presence of
clinical disease. In these instances, because the politically
driven taxonomic outcome may bear little biological rele-
vance in terms of disease-causing potential, it may result in
active facilitation of the transboundary trading of the para-
site from zones of endemicity.
Best practice and way forward
There is clear potential for conflict in the accurate defini-
tion of novel or existing parasite taxa. It is too simplistic to
propose that ecological or morphological traits are unus-
able in the face of data emerging from novel molecular
technologies. Similarly, underutilisation of molecular phy-
logenetic data when attempting to define novel taxa may
lead to an inadequate appreciation of natural diversity.
Taxonomy is a moving target that is largely driven by
technological advances. Given aforementioned difficulties
in defining specific taxonomic units, the anthropogenic
construct of the ‘species’, it is therefore important that
we do not ‘trade-off’ available technologies against one
another but instead understand their specific limitations
in assisting the process of definition. In this respect, an
appreciation of the potential for ‘plastic’ or convergent
morphological traits in parasite taxa [3,4] should be con-
sidered alongside our understanding of potential for intra-
specific variation in ribosomal gene or spacer sequences
utilised for taxonomic purposes [13,14], and of finer-scale
whole-genome variations between individuals of the same
species [15]. The issue of ‘cut-offs’ between taxa therefore
emerges once again – how different must a morphological/
molecular trait be to consider that a taxon is distinct from
another? As we have described, this question is unlikely to
be answered by considering a single source of data – either
phenotypic or molecular. More likely, by employing the
somewhat philosophical approach outlined by Boenigk and
colleagues [3], we should first consider the basis for our
definition and then adopt an appropriate set of markers to
distinguish unambiguously between the biologically dis-
tinct lineages. We suggest that such support should utilise
a ‘weight of evidence’ approach, in which all relevant data
sources are employed, rather than relying on a single line
of evidence. What does this mean in the context of listed
parasites?
Given the commercial and political ramifications of
detecting a listed disease (Box 1), the keystone to improv-
ing the resolution of listing is the availability of robust277
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Alternave (e.g., COX1)
Mul-gene
Full genome SNPs
Policy
driver
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driver
Parasite of
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Parasite taxonomy is deﬁned 
based upon a policy to 
demonstrate ‘freedom’ within 
a parcular geographical 
boundary or host group. For 
listed parasites, policy-driven 
taxonomy may ignore the 
ability for parasite to cause 
disease in hosts of concern. 
Increasingly resolving 
diagnosc tools are applied 
unl parasite can be
discriminated from relaves. 
Eventual taxonomy may not 
bear biological relevance (e.g., 
ability to cause disease)
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Parasite taxonomy is deﬁned
based upon a tractable, weight
of evidence approach. For listed
parasites, biologically driven
taxonomy will be based upon a
tendency to cause disease in
hosts of concern relave to
related, but non disease-causing
taxa. Increasingly resolving
diagnosc tools are
appropriately applied unl
eﬃcient discriminaon of the
disease-causing taxon from
non disease-forming relaves
occurs
Figure 1. The ‘diagnostic cascade’. The driver to circumscribe a particular parasite taxon may be driven by ‘biological’ or ‘political’ reasoning. In the case of important
parasites of traded animal hosts we propose that a biological driver, in which discrimination occurs based on the ability of the agent to lead to disease in the host(s) of
concern, should be present. In this case, increasingly sensitive diagnostic tests should be applied until the disease-causing pathogen can be discriminated from its non
disease-causing relatives. Although the suite of markers applied may be the same when the driver is political, here there may be an aim to discriminate the taxon of concern
regardless of biological outcome in the host. As such, increasingly sensitive diagnostic tests are applied until the taxon can be distinguished. In these cases, discrimination
may not bear biological relevance in the context of disease. Abbreviations: COI, cytochrome oxidase 1; ITS1, internal transcribed spacer; SNP, single-nucleotide
polymorphism; SSU, small ribosomal subunit;.
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and their relatives. Currently, the taxonomy of listed
parasites spans the eukaryotes, including representatives
from the Cestoda (Echinococcus, Taenia solium), Nema-
toda (Trichinella), Platyhelminthes (Gyrodactylus salaris),
Acarida (e.g., Varroa), Trichomonida (Tritrichomonas foe-
tus), Kinetoplastida (e.g., Trypanosoma), Apicomplexa
(e.g., Toxoplasma), Chytridiomycota (Batrachochytrium
dendrobatidis), Oomycetida (e.g., Aphanomyces astaci),
Microsporidia (e.g., Nosema apis), Haplosporidia (e.g.,
Bonamia exitiosa), Paramyxida (Marteilia refringens), Per-
kinsozoa (e.g., Perkinsus marinus), and the Mikrocytida
(Mikrocytos mackini). Perhaps not surprisingly, the status
of the taxonomy of these groups is not consistently repre-
sented in the available literature. However, some general
trends are observed. For most groups, traditional taxonom-
ic frameworks, largely built upon morphological observa-
tions, are being significantly challenged by an increasingly
replete molecular phylogenetic dataset. The transition is
well illustrated for groups such as the Platyhelminthes and
the Kinetoplastida where traditional morphology-based
approaches to taxonomy have been superseded by numer-
ous phases of molecular phylogenetics – from those based
upon the use of ribosomal genes (e.g., SSU), through278multi-gene concatenated approaches, to genome-wide
analyses [16,17]. Currently, taxonomic frameworks, gen-
erally built upon ribosomal genes or spacer sequences, are
available for the majority of eukaryote groups in which
listed diseases are placed. In numerous cases, for instance
the Kinetoplastida, Apicomplexa, Perkinsozoa, and Mik-
rocytida, robust phylogenies based upon concatenated
sequences of tens or hundreds of genes are available,
although each is represented by limited taxon sampling
[17–20]. Given widespread consensus that morphological
traits in many eukaryotic parasite lineages are not only
plastic but also convergent [3], taxonomic frameworks built
upon multigene concatenated sequence data, if not upon
more highly pan-genomic datasets, will likely become the
standard. In the context of the current paper, the genera-
tion of such deep knowledge for important (listed) parasite
groups and their diseases, which have potential to impact
upon food security and wildlife health, must be given top
priority. In Figure 2 we propose a basic framework for
assessing data quality in support of listing a given parasite
taxon. The framework is driven by first considering the
basis for the proposed listing (Figure 1). In most cases the
key driver will be a definition of the biological basis for the
separation of the proposed parasite taxon; for example,
Driver – Biological basis for discriminang a disease-causing taxon from non disease-causing relaves
Support:
 (i) Ecological/geographical/host data
 (ii) Pathogenicity data (ssue tropism, pathognomonic signs)
 (iii) Morphological data for pathogen (ultrastructure, life cycle characters)
 (iv) Ribosomal gene/spacer sequence data
 (v) Knowledge of intragenomic variaon in ribosomal gene/spacer sequence
 (vi) Alternave single gene (protein-coding) sequence data
 (vii)  Mul-gene (protein-coding) concatenated phylogeny supports single gene data
 (viii)  Environmental DNA sequence data to provide divergence framework
Prerequisite in case for discriminaon (i.e., causes disease in host of interest)
Appropriate for supporng discriminaon where wider phylogeny available   
Appropriate for supporng discriminaon where wider phylogeny not available   
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Figure 2. Best practice guidelines to support discrimination of listed parasite taxa.
Opinion Trends in Parasitology June 2014, Vol. 30, No. 6infection leads to disease in host(s) of concern whilst closely
related parasite taxa do not lead to disease in hosts of
concern. Subsequently, consideration of data pertaining to
pathology and ultrastructure, and phylogenies built upon
single genes (e.g., ribosomal) or multiple genes (including
protein coding genes), can be used to provide scientific
support for separation. Best practice uses all such diag-
nostic data pertaining to the parasite taxon of interest and
its known relatives. In addition, inclusion of environmen-
tal diversity data for unknown relatives will provide cru-
cial information relating to the potential for false negatives
in surveillance programmes or outbreaks.
Concluding remarks
The political and economic implications of detecting a listed
parasite can be considerable. Although detection relies on the
application of accurate diagnostic testing, the approaches to
detection, and the molecular ‘resolution’ of such, differ con-
siderably among the listed taxa. In this opinion article we
propose that a robust phylogenetic framework should under-
pin the listing of parasite taxa and, further, that environmen-
tal sampling can augment the wider taxonomic framework inBox 2. Outstanding questions
 Should best practice measures be included as a prerequisite for
the listing of parasitic disease?
 Should environmental sampling be utilised as standard to
augment phylogenetic frameworks, and cases for freedom, for
the listed parasite groups in aquatic and terrestrial systems?
 Should listing be more dynamic – that is, responding to
emergence of genotypes and possibly being updated on an
annual basis?
 Should listing be based on grouping (to disease) or splitting (to
parasite taxa)?
 Is sufficient investment in place for robust taxonomy of listed
parasites?which listed parasite taxa reside. Importantly, biological data
rather than political concerns should drive the process. Until
now, researchers have studied the taxonomy of parasites for
ecological or evolutionary reasons. We suggest here that
taxonomy has an additional role to play in supporting local,
national, regional, and global biosecurity initiatives by pro-
viding robust classification schemes for important parasitic
diseases of food animals (Box 2). In this respect we foresee an
emergence of high-resolution parasite taxonomy as a requi-
site tool for sustainable globalised trading of foodstuffs under
the wider food security agenda. As such, this opinion article is
not intended to criticise the basis for listing of important
parasite taxa, or the status of current lists, but rather to
propose that taxonomic rigour should be consistently applied
to the classification of listed parasites for the benefit of global
biosecurity and sustainable food production.
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